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A is for 
Abacus 



H undreds of years tiff fore calculators were invented* people in 
China i. Uncovered they could add and subtract (piickU bv 
sliding beads back aiid forth on strings* TJic\ pul seven beads on a 
string and mounted a few of these si rings in a wooden frame. We 
call the device an nha.ru. y, h was a great time-saver* and it soon 
spread to other parts id Ada. The Huss Satis wanted mine beads on 
t heir abacuses. so they strung ten on each siring. The Japanese 
figured out how to add and subtract just as quickly with only five 
heads on each string. 

Tod; iy many people in China and Japan si ill use abacuses. The 
strings represent place values (Is. 10s* LOOs* eh:.), and the- posi- 
tions ui the beads along 1 lie siring represent Hie number ol Is. 

10s. or lOtJs being used. If you think pushing beads back and 
forth i s s I ow wa irk . S hi nk a gai n . In contes t ^ bcl ween [ m l o pin 51 using 
calculators and people using abacuses to add and subtract, the 
abacus users nsualU win! Some Chinese and Japanese shopkeep- 
ers don't even need a real abacus. They just move their hands in 
llie air, sliding imaginary beads back and forth on i mag bum 
strings, Hut they ^lili get a real answer! 



Beads are -wevftd H 
■yhe tfiddte J*x r +o ke 


/V^> 

At * 




v k- 

j- g _> 




* t “ 




> J y (j *"■ 
U V I > g 


ui US 





1 

ii!l! 


t°> Bp 0 


-573 



- 5, Z5S 


.um<f A Is also lot 1 
nettle 



o. lnAffij 


area 


as> riinieiry 
average 


axis 


5 




3* 

1 16 ' 

t ' 


2- 

1 







^ i 






V*" 

a 






c 

v'" 3 







4 






— — — 

V" 3 







6 





v" 


✓" 7 




v' 



a 







3 







10 







1 1 







a 







a 







ih 







15 







it 







n 







18 







c? 







30 







21. 







11 














aH 







a5 







1& 







ii 







2S 







X* 







iDt 


L 


. . J 

V 


c( p 6" 9 

•3 ol4C ^i! ^ 


..iim l B Is ntso for 
bar graph 
baw 

base number 
bisect 


B is for 
Binary 

S uppose i.hai instead of gell ing your regular allowance, you have 
a choice: You can have n million dollars. Or you can have a 
penny. 

Well, not just a penny, but one cent today, two cent? tomorrow, 
four cents the next day. eight cents the next, and so on. for 30 
d avs. Fliii L h d ay'j the \u 1 it n i n I will double. ’W Inch wo s a Id you ehoo so? 

Let's see how many pennies you would get each day during the 
first week: 

1 2 4 8 16 32 64 

On the seventh day, you II receive hi rents, 1 1 doesn't seem like a 
very good deal, does it? But this is just the first week. While the 
money is coming in. lets take a close look at the numbers. When 
you skirl with 1 ami double it lo get 2* then double 2 to gel 4, then 
double 4., and keep nn doubling, you gel j sequence nJ numbers 
called the 6mary sequence. The numbers are called binary num- 
bers. There is something very important about binary numbers , 
Yon can add lunar y numbers to make any other number. While 
5 is not a binary number, you can make In adding 1 and 1, which 
are binary numbers. To make 13, add 8* 4, and I. You can make 
every number from 1 to 127 out of the first seven binary numbers. 
On this page is a chart showing how. On the right side of the 
chart are deci mal numbers — I hr regular kmd you use every dav. 

At the top of the chart are binary numbers. Find the decimal 
number you want to make and look to the left of it. Wherever you 
see a check mark, use the binary number at the top of that col- 
umn, Yi ) i ] can t :rea te 7 b v adding 1 , 2* and 4 ( t hat : s w b y I he y arc 
checked). You can make 13 by adding ft, 4, and I. We; started the 
chart — now you finish it. (No. you may not write in the book!) 

S 1 1 p| j use wo pul a 1 wherever there's a check mark, and a 0 
wherever there isn’t a check mark. (We won’t put anything In the 
left of the first 1.) 

What we have here is the binary system, a way of writing num- 
bers using on!) Is and Os. In this system, the number 5 is written 
101 and the number 13 is will ten 1111. 
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Wi re probably wondering why anyone would want to write 
such long. Amm- -looking numbers with just Is and Os that take up 
so much room mi the page. Well, the binary system isn't mean! 
for ihe page. Its meant for the chip. The compiler chip. 

Computers “think’" in binary. A computer chip has lots and 
lots of invisible eleetrie swindles called bits. \ bit can be on or off. 
That's all il ran he. On or off, off or on. It has no brain. Il has no 
cartel v. I| just Ini' on and off. Think of off as the number 0. 

Think oi on as the number T Pul sis hi Is in a ruw„ and starting at 
the right side, turn l he first one on, turn the next one off, the next 
one on, the riexl one off- the next two on. What have you gut? 
You've go I ibe (unary number 110101, or 53 in the decimal 
system. Just use a chart like ours to figure it out. 

I list's how computers work. A computer turn?? every thing (even 
letters and pictures and music) into Us and Is by turning some 
hils on and some hits off. The Is anil Os make hi rum numbers. 

Okay, you say. The binary system can handle small numbers 
like 1 and 3 and 20 acid may be 153, but it would take billions of 
bits lo make a real] y lug number, like 536,870,912- right? Well 
no. h would lake only 30 bits to make that number. If you started 
with I and doubled it, then doubled than and kepi doubting, 
w hen you got to the 30lh number in I he binary sequence, you'd 
have 1 OOtVKMHKXKKX HKM M KXXHXXWOOOOOO (a one with 29 zeros). Or 
in I lie decimal system, 536,870,912. Exactly, 
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Remember those pennies? Now we know how marie yoifd. gel 
on the 30th dax of doubling: !536*870j9 1 2. Himnni. That's the 
same as 15,368.709.12. And that doesiTt count w T hat you received 
on each of the other days! 

Now which would you choose? A million dollars or a penny? 


t-rk* too w^rtibtrs 


T 

uj. + k fc'K 
a ten,r — and 

5 ta rw M \ t 315 m -f fbi* 1 j our 

a;^d s omf qdWec- 
rhk ! (Uto+ 
fet rga(<^ wfo. 


bJiH* 1 1? 

■Cs^A a 

*>* *******>> 

r<A®^i a ftflji y 

*j+ a.r +l|#u _ 

l 


Wj'tii H f a 
** a .sect* 

g fru *v<, 

your (grafter 
(_w*t 4lr*4d^ 


wr+U if yo<* 

(f^rt iger ^dHHC 

4 - 


w/i’ft it f 

Oil 

eh« sth**l 

j£ $-9 h£ -f-o, I f 
if 1' L L HA * E a p gjf rty 

.Jl* U s»<i 

Jit > 30 *,^ 

... $'+***+11 


<5®^ f4* a 

-h*o - ! 




7 


C is for 
Cubit 


ot^ f ike 

co < Le. C C rs a.t s o -& r 




M ore than 5*000 years ago. before feet, and inches or meters 
. and renli meters were invest) Irak there were cubits. In the 
aneienl world, cubits were the rummon way to measure things. A 
cubit b the distance from I he tip of the elbow Lo the tip of the 
middle finger. Bus there % one little problem: Whose elbow? Whose 
middle finger? 

Suppose you live in ancient Egypt and you pick some papyrus 
on she banks oi the Nile, You take it to the marketplace in 
Alexandria where yon meet Ahmos, a papermaker who ha* eoine 
to shop for papyrus to make his paper. 



Ahmos: What lovely papyrus! How much do you want for it? 

You: rtl trade 10 cubits of my papyrus for two sheets of your nice 
paper, 

Ahmos: Good deal! 

I You measure out 10 cubits of papyrus and hand it to Ahmos - 1 
You: Fsnahyp I can write a letter to my Unde Ramses. 



[ Ahmos gives you the paper, then he checks your measurement on 
the papyrus,] 


j 


“ tivJke+j far 

r reed 

oftichj far U 
( *4 f ri w'j.ie i 

" -for B 

so uri d 


I 


reed, -for 5 tort 
ar £■ 

bre^d for T jannd 



^ “ COnjbeLi^ - 

tk rtothet C &a ori^ 
-for ~tRe TH 


Ahmos: Wait a minute! This isn't 10 cubits. Ifs only eight cubits. 
Look! 


[Ahmos shows you that the papyrus is only eight cubits when 
measured with his forearm. ] 

You: Of course it's 10 cubits. Look!l 


[You measure the papyrus again with your own arm. J 



Ahmos: You cheat! YouYe no better than a thief!! Give me my paper 
back!!! 

You: No, you can’t have it. \ already wrote “Dear Uncle Ramses’* on 
it. Get outra here! 


As you can see* cubit* were not the best way lo measure thing*. 
Nor were I In.: oilier early units of measure, like digits (a finger"* 


width), palms (four digits), hands (five digits), heads (the height of 
your head). paces (the length of your step), and so forth. Evcntii- 
-illy. people realized th.il life would In- mu dr easier if everyone 
used the length of (lie «ame persons arm (or hand or head), (.(nee 
thev did that, a cubit (or a digil or a pace) was the same for every- 
one Hie exact length that everyone used was a standard uni t (see 
L is for 1 'nit). iNlow we have units like centimeters and inches and 
grams and pounds and degrees and horsepower, and everyone 
knows what they mean. 

Bui it all started with cubits. 
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D is for 
Diamond 


.jukID Is also for 
data 
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/ Immoral shouldn't be in this book. There are diamonds in 
ring* and there are diamonds on baseball fields, bul then-? are 
no diamonds in math. If von lake a square and till il on one verier 
(rorner). lI looks like a diamond. Bni it isrs L 1 1 ^ si ill a square. !f 
yon squeeze il a little so it becomes pointier at two ends and less 
pointy at die other two ends, it’s not a square anymore. Bnl it isn't 
a diamond, oil her. ti n a rhombus. 

There are no diamonds in rrinlh. We put diamond in this book 
so yon would know il doesn't belong here. 
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E is for 
Equilateral 


E (;u> interns “equal” and lei U' ml mean? “side," sit equilateral 
means "equal sides." When a polygon a hint shape made 
from three or more straight sides — has sides that are ail equal 
in length, we say ii h equilateral. An equilateral triangle lias 
three- sides uJ (lie same length. An equilateral pentagon lias live 
sides ul I lie same length. An equilateral hexagon lias six sides 
of l he same length. 

Ilig deal. Eapiilalenil is a little boring, so we II do another I']. 
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E is also for 
Exponent 


E xponent* are a little strange at first, but theyVe definite]) nol 
boring, Take a Number and multiply it by itself, like this: 

4x4 

There’s another Way to write that: 

4* 

The big 4 y| l lie bnltmn is called the base number, and the little 
2 up above is called the exponent. The exponent Lei Is you how 
i u am 1 lines to multiply the base number by ilselb Sn. \ 2 means 
you limit i[d\ Iwn Is together: 4 ;I equals 16, And 4 l means you 
multiply three 4« together: 4 : * equals 64. Get it? 

2* is 2 x 2 x 2. It equals 8, 

5* is 5 X 5 X 5 X 5 X 5. Or 3,125, 

7 9 = 7x7x7x7x7x7x7x7 = 5,764,801 

When the base number is 10, something really interesting 
happens. See if you can figure il mil, 

10*- 10x10x10x10x10x 10= 1,000,000 (one million) 

10*= 10x10x10x10x10x10x10x10x10 = 1,000,000,000 (one billion) 
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Did you notice dial the number of zeros in the answer is 
exactlv the same as I he exponent? Thai Ell wavs happens when the 
base number is 10, so it s really easy to write big numbers with 
exponents. 

Which is easier to write, 10 i: or 1^000^000,000,000? .\ow you 
know why seieuiists and mathemal ieians use exponents to write 
big numbers! 

Perhaps you’re wondering hovy a scientist would write a number 
like two billion. If you f re not, please start wondering now. 

Here's how: 

2 x 10 s 
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F is for 
Fibonacci 



I n the 1200s. an Italian mathematician named Leonardo ol Pisa 
wrote a book about numbers, fie signed his name Fibonacci 
(pronounced frb-o--\ OTC H-ee) . 

In bis bonk. Fibonacci said that the people of Furope should 
stop using Homan numerals. He wanted everyone to switch to the 
numerals used in the Arabic world. Instead of writing I WYIIT. 
they could write 78. Isn't 78 easier to write than LXXV11I? Well, 
I'ibonaecj thought so, and because of him, we use Arable numer- 
als today. 

Fibonacci’s book also included, story problems. One was about 
rabbits: How many pairs of rabbits will there be each month if von 
start willi one pair of newborn rabbits, and that pair produces a 
pair of babies every month? The rabbits start producing babies 
when they are two months old. and their babies also have their first 
babies when (hey become lw r o months old. 
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HtT+fV one way to look at it: 


After how 


Starting point 
After 1 month 
After 2 months 
After 3 months 
After 4 months 
After 5 months 
After 6 months 
After ? months 
After 8 months 
After 9 months 
After 10 months 
After It months 



HOW RAAMV RABBITS? 

I pair 
I pair 

2 pairs 

3 pairs 
5 pairs 
8 pairs 

13 pairs 
21 pairs 
34 pairs 
55 pairs 
8 9 pairs 
144 pairs 
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...anil F Is also for 

filtiC 

fitdurs 

formula 

fraction 


these are the first 12 numbers in I he famous FY/jonaci’r 
sequence nf numbers. 

See if yen i eei n figure out what's so special about the Fil hi ranee i 
sequence. After the Erst two numbers, hint ran I lie nlliers he 
made? Think about, il before you avail em. 

Whenever you add one number to the next, you get the follow- 
ing number in the sequence. Try it. Add 2 and 3. What do you 
gel? Now add 5 and 8. Cot it? Okay, now what number comes after 
1-14 in the Fibonacci sequence? 

Fibonacci tin tubers are in! erecting, hut what's am azing about 
them is how often they appear. You can find Fibonacci numbers in 
art. architecture, mu&ie, poetry, and nature, Turn In N is for 
Nature- Get ready Eo be amazed. 


Let ? look at the answers anothej way: 

1 1 2 3 5 8 13 21 34 55 E9 144 
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6 is for 
Googol 





..mul (I Is also lor 
geometry 

gulden see Hoi i (orgpLdrn rallo) 
gram 


A mathematician named Edward Kasner once wrote a I followed 
. by 100 zeros. It lot iked like this?: 



W [ten Rustier wrote this giant number, lie asked his nine-year- 
old nephew, Milton Similar Jo give it a name, Milton though I for a 
while, and then lie said* ^CtJOgolP' 

Ever since litem this number has been called a gtwgoL You can 
write il as a 1 with 1G0 zeros* bill I here’s n much easier wav to 
write a googol. You can use exponents (see E is for Exponent}' 


Now you can have a googol- writing contest with your friends. 

See who can write a googol Ote fastest. 

How big is a googol? It's more than the number of grains of 
sand in the world. It’s more than the number of blades of grass in 
the world. It's more than the number of hairs on the heads of 
every person in I he world. There isn't a googol of an v lining, any- 
where. V googol is more than the number of alums in the universe. 
Vi ay more. Would you like to be agoognlaire? Where would you 
put all your money? 
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G is also for 
Googolplex 


of zere'* 


S omeone devkled that googol wasn’t a hip enough number. so 
now we also have goo go Ip lex, A googolplex is 1 followed bv a 
gouge 1 1 zeros, If you d like to write I IijeI mirriber, go right ahead. We 
have other things to do. 

Well, actually* 1 lie re is an easy way to write a googolplex. You 
ean use exponents (see E is for Exponent); 




Thai ■■: eans a 1 with a googol zeros in other words, a googol- 
plex, But maybe you don’t like using a word as an exponent. So 
instead of writing the won] googot as the exponent, write googoi 
a? a number: 


10 K ' WMHUHKWJM . ,0{M , new. OOP .OW . WHJ.OOCi .500, OKl.-OOQ . iXH)^:i,00fr r (MMj r 0Ci r J 1 rjOo,tHXJ , IXXUHJC .iron. . HOIT, QMuWXl 


If that takes too long, here's another way Since googol can he 
writ ten 10 JHI _ googolplex tan be written: 


too 
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H is for 
Hundred 
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O ur number system is base*] m i I he number 10. Ten I Os are 
100, One hundred is an important number. 

There an* 100 rents in a dollar. 

In France:, there are 100 centimes in \i /nine. 

In Mexico, there are 1(H) rrniarns in a peso. 

There are 100 ecu Li meters in a meter. 

In the hind of thermometer used almost every where ill the 



world except the L liked States* I here are 100 degrees between 
freezing and boiling. These are called degrees centigrade nr 
degrees Celsius, Water freezes at 0 D C (that's hem von write "zero 
degrees Celsius”)* and it boils at 1G0*C. 

There are 100 years in a century. A person who has lived al least 
100 years is called a rentenurian. \\ hen a count rs Lunin 1 00 rears 
old, the citizens celebrate the country's centennial. One hundred 
years after that, they celebrate its bicentennial. 

There ate 100 legs on a centipede- Well, not really* There are 
usually only 30 In U) legs on a centipede. W hoever named it 
probably didn'l want to get close enough to count its legs, so he 
guessed iL had 100 of them arid called il a centipede. Literally, 
centipede means 4i one hundred feet." There must have been a lot 
of people who didn't want to get close enough Lo count the cen- 
tipede's legs, because the name stuck. 

Have you noticed a certain word root that appears over and over 
again when we’re talking about 100? I low mam limes ran you find 
that word root on lids pa*Ee? 


Whfs+j use 




I is for 

tfcx 11 


I f?" you say. 

Yes, K if r 

If in a great word for math problems. Hr re are a few: 

If a million hedgehogs lined up nose Ho- tail* nose-to-taiL could 
l hey make a prickly necklace around (hr world? If not. why not? 

If you lined up a mi] I ion tyrannosaurs instead o filed gel mga. 
would they make it around the world? 

ll you filled an Olympic-shied swim mi rig pool with ice cream 
and dived in, how long would il take you to eat your way through 
the entire pool if you ale ice cream at a rale of one ounce per 
minute? 

li someone gave you a dollar fortverv math problem you have 
ever gotten right, how much money would you have? If someone 
gave you a dollar for every math problem you have ever gotten 
wrong, would you have even more? 

Vi ith the word if yon can imagine anything and figure out what 
would happen ii il were I rue, I hat's one of the things mathemati- 
cians and scientists like to do. It helps them make discoveries and 
understand our world better. 
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J is for 



E arth is fi big place, but Jupiter is much bigger, Him much 

bigger? You probably know Jupiter is i he large ?t planet in our 
solar system, but 1 hat doe&iTl tell you how big it is 'Compared to 
Earth, Mail] ran help you see the difference. 

Kefs draw a circle around a button to represent Earl b. The 
diameter of Earth is about 8JKX1 miles ( 1 3 J.MX1 kilometers). The 
diameter of Jupiter is about 8S T 00Q miles U 43 .000 kilometers). 
How niurty limes bigger is Jupiter than Earth? To find uuL divide 
the diameter of Jupiter by the diameter of Earth. Jupiter is about 
11 limes bigger. Now draw Jupiter by making a circle with a 
diameter that's equal to l I buttons Compare the two circles. Do 
vou still think Earth b such a big place? 

So does that mean Jupiter is a giant? Lei’s compare it lo the sun. 
The sun’s diameter is shout HHOJMJO miles ( l ,430,000 kilome- 
ters). How much bigger is the sun than Jupiter? Divide lo find out. 
The sun is about 10 times bigger than Jupiter. 

Draw a circle to represent the sum h should have a diameter of 
110 buttons. How can you draw such u lag circle? YouVe probably 
drawn rin-lcs with a compass, hut you'll never find a compass Large 
enough to draw this circle! Instead, you could In- a string to a 
pencil or chalk. Think about him long the string should be. 
(Answer: 55 buttons.} Wo can’t draw rhe entire circle representing 
the sun in this honk. It's too big. 

Hiisarr shows part of the circle. You can imagine the rest, limnim. 
Jupiter isn't such a giant, after alL But the sun mire is! 
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Or is H? What if we compared the sun In an me thing even 
bigger — like Beteigeii^ a star of’ I he type called a red giant. You 
can draw a circle to show Bet elgeuse compared to the sun. All von 
need to know b I hat Ketelgetase is about 792,CHK)JKK) miles 
(E27ESJMKMMHJ kilometers) in diameter. 

Figure out how many times bigger than the sun it is. Maybe you 
can draw a circle to show Betelgeuse compared to Earth. Jupiter, 
and the sun. You'll need a long string, a thick piece of chalk., .and 
a really lug playground! 

Is there such a thing as “hig”? Is there such a thing as “small™? 
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O i uv there was a city in Germany railed Konigshcrg. The 

Pregel River rail through the; renter of the city. In the 17O0&, 
seven bridge* eon rice ted two islands in the river to Lhe re&l of the 
city. Tin 1 people of Kbnigsherg liked to stroll around the cilv on 
Sundays. For fun, they tried to find a wa\ So cross all seven bridges 
without crossing any bridge more I ban once, Can you find aroule 
that crosses each bridge nnlv once? 

Don's worry if you can't. The people of Km tigs berg couldn't 
e i \ I ter. Hut t 1 le " hri nigsla ■ rg 1> ri d gi - j j n A t te n i LJ \ became 1 am oil sail 
over Europe. No one could understand why it was impossible to 
walk all the bridges* crossing each one only once, mil lI a Swiss 
mathematician named Leonhard Euler (pronounced Oliver) 
invented a new kind of math called rirlwurk theory, A network is a 
crisscrossing web oi lines, which is what you get on the page when 
you try to solve the Kmiigsberg bridge problem with a pencil: 
Some people call networks "the mathematics of wiggly lines. 1 " 

Euler figured out which kinds of network* can be walked with- 
o 1 i 1 ret raci ng an v st opsv and which r :a 1 1 n ot .lie proved 1 1 iu I it was 
impossible to walk a route dial crossed each of the Kfinigsberg 
bridges only once, no matter how you did iL 


But don t let that stop von from Irving. Have ei nice walk! 
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Si i j l j ^ I 
htm marry miles 
(or kilometers) are in a 
light-year? To figure it out. wi- 
need to know that Ehe speed of light is 
186,282 mihs (299. 78-1 ki Is uek ft+^rH) per second. 

I hi' dhslfuire is more I huri seven times around the Earth 


L is for 
Light-Year 


Joes a light'YMir sound like a very shorJ year? Ur a year when 
you don I oat a (fit? Actually. irs neither. In fact, a light-year 
isn't light, and it's not a kind of year, either! Its a standard unit 
(see C is for Cubit and L is for Unit) used to measure distances. 
BIG distances! Astronomers usuallv use lighuviars to measure 
distances m tfpaee. 

\ light-year is rhe distance light travels in a year. Tile closest 
star to our solar system. Proxima Cent ami (one star i j l a thm -Mar 
system called Vlpha Geiil.auri) tsidioul four light -Years away. 

When you look ;.il Proxhna Centauri* you Ye aclually looking at 
light that left the '-tar more than four years ago. If Proximo 
Centauri burned out three years ago. we wouldn't find out about it 
for another year! 

T ruveliug at a speed of" one mile per second, a spaceship 
would reach Proxima Centauri in about 800,000 years. In a eat 
it would take you... ah, rang hi \ 50 million yciars— depending on 
him fast \ou drive, of course. Now. don ! forget ihni Proxirna 
CeriUmri rs I lie rfosext slur to our soksr system, not the far- 
thest, Some stars are millions, even billions, of 
light -years away. 
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I hat means that in one second, light travels m far that it ronld go 
around 1 he Earth more than seven Limes — if it went in circles 
(which it doesn't). Snap your fingers, tine second just went by, and 
light irom the stars just traveled a distance of more than seven 
times around ilie Earth, Mind -boggling, isn't il? Hut we still 
haven r told you how far light travels In a year. 

To do the math, multiply the speed of light bv 60 to find out 
how many miles i| travels in a minute, then multiply that by 60 in 
hnd out how many miles it travels in an hour, and keep going until 
you gel to years (remember to use 365 \ or 365.25 flays in a 
year.) So T there are 5*878,512.843,200 miles or 
9. 160*463.558,400 kilometers in a light- vear. 

Can you see why astronomers use 
light -v ears? 
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T ake a hi rip of paper and tape one end to the other to make it 
into a loop. befs rail it a ‘"belt loop. 

Now make another loop with another unrip of paper, but 
ihis time give the strip a twist before you tape the two end? 
together. You wouldn’t call this a bell loop unless yon acciden- 
tally twist your bell everv time you put it on, This kem! of loop 
is a M obi us strip. 

A Mold ns strip is a mathematical wonder. 

The ordinary hell loop has two sides — an inside and an outside. 
If you wanted to, you could paint just one side. Go ahead, paint 
one side of vout belt loop. Rasv. Our side \s painted, and t he other 
side is blank. 

Now try lo paint just one side of the Mubins strip. Good lurk! 


Topologists are mathematician* who shid) what happens to 
various shapes and solids w hen they are pushed and pulled and 
twisted and cut and contorted in different ways. A topologist 
would sm that a Mo biu& strip has only one side. Can that be? 
What happened when you trier! to paint jus! one side of your 
Mo hi us strip? Where is the other side? If there is no “other 1 ' side, 
then the Mobius strip mus! have: only one side. 


\\ hut good is a Mobius nlrip? Aside from being fun, Mobius 
*lrips are actual I \ usHul. E n factories, conveyor tie its are often 
made like Mbbiu* strips, If tliev with made like regular belts, one 
: -tdc would wear out quickly. When made like a Mobius sjrip. the 
whole belt lasts twice as Song. 





Here's another strange thing about the 
Mobius strip. Run a pencil line all the 
way down its center. What do you 
think will happen if you cut along the 
pencil line with scissors? Try it. Draw a 
pencil line down the center of the new 
strip, Predict what will happen if you 
cut along this line, then do it. 


Make another Mobius strip, but 
don't draw a pencil line down 
the center. Instead, draw it 
one-third of the way in from one 
edge. What do you predict will 
happen rf you cut along this line? 
Oo it. Are you surprised? Everyone 
else is, too— except topologists, 
of course. 
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N is for 
Nature 


T here utv numbers in nut tire. Lots. 

|)m yon rf "member the Fibonacci sequence of numbers: 1 (See 
K eh for Fibonacci*) Here are I lie lim twelve numbers of the 
Fibonacci sequence: 




m 

W\ 


1 1 2 3 5 8 13 21 34 55 S9 144 

Fibonacci discovered ibis number sequence, but he did mil 
invent it, NaLure invented il. If each page of ibis book stated ope 
wa\ thal Fibonacci numbers appear in nature, wed need n book so 
heavy v on couldn't lili it. Here are just a few. 

Tbe number of pel ids in a flower is usually a Fibonacci number. 
Some Howers. like daisies, don't have 
I rue petals, lint petal- like purls railed 
florets. Florets couse in Fibonacci 
numbers too. 

Pine needles come in groups, or 
bundles. The bundles almost always 
have 1. 2. 3. or 5 needles. Do these 
numbers look familiar? 

But pine needles aren't nearly as 
interesting as pinecones. Find a 
pineenne. The hard 1 il l ie knubby purls 
are called bracts. (Make sure vour pinecone is in good eondiliom 
with no missing bracts.) Turn the cone so you're looking at its 
base. Can you see how the bracts make spiral*? Then* arc clock- 
wise spirals, and there arc counterclockwise spirals. Follow one 
spind a- il winds all the way around I lit- cone Ln the pointy end. 
Dab a little paint nil each bract in that spiral. Now dab a different 
color on a spiral going in the other direction. You II see thal one 
spiral winds gradually, and the other one winds more steeply. How 
many of each type arc there? Count therm Remember, it's no! (lie 
number of bmrts that you’re counting; it's the number of spirals. 
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Some pinecanes have 3 gradual spirals and 3 strep spirals Some 
have 5 gradual ami R sleep, Ur R arid 13. Or 13 and 21, A pine- 
eoiit'V spirals nnne in Fibonacci numbers, I it fact. Fibonacci 
numbers are sometimes called "pinecone numbers/' 

Fibonacci numbers could also be called M suu flowin' numbers,” 
artichoke numbers/ or "piuftapplp 3 Lumbers because van will 
find ibe null libers in spiniU formed by a sunflower's seeds, an 
uri i choked leaves, and a pineapple’s scales (the ilia mu ml -shaped 
markings on the outside). 

Fibonacci strikes again! 
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Here's another way that Fibonacci numbers are found in nature: 
They make a spiral that maintains a constant proportion ail the way 
10 infinity. To find that spiral, take a rectangle that has “Fibonacci" 
proportions, say 3" * 5" , then repeal that same proportioned 
rectangle, smaller and smaller,.. 


I ...and N Is also for 
| negative number 
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0 is for 
Obtuse 

P utt your hands together, palm -to palm, in front of your fa ce, 
iNow move them a pari just a teenie bit. exrepl ai Ok? base of 
the palms, We can think of your hands us line segments. The two 
lines i-orriH together at the base where [hey Ye touching. Where two 
lines come together, thru make a it ripening railed an angle. High I 
now. the angle between your hands is ven small. Keep I lie base of 
vour pah ns together and slowly move your hands 
apart so (here is more space brl wren them, 
i he angle is gelling bigger. 

As you see, angles come in different sizes. 

Mall irrnnheians use a unit called a degree to 
measure them, (See U is for Unit*) A very 
small angle might he A degrees or 10 
degrees, usually written 5 U or 10 u . 

(The little circle is the symbol for degrees* just as in temperature. 

I.i lit we re no l talk) ng al m >ul 1 a i w hot o r col d you r h am I s a re . ) 

Open your halide a little more, and keep going until vour bands 
look like this; 




Thi s is an important angle. So important dial il lias two names: 
it t called a 90 0 angle and a right angle. (Not dial there are anv 
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wrong angles. ) You can find four right angles in every square acid 
even r rectangle. A triangle coukl have one righl angle, or h might 
not have any. (But il cornu nh can i have more than one,) 1 ri angles 
with a right angle are railed right triangles- Unless you live in a 
raw or a wry unusual building, your home has right angles 
1 jet ween I he walls and between the walls and the floor* lu most 
houses, there are also right angles between the walls and the 
ceiling. 

Okay, break lime. Shake out your hands. Belter \t:L make some 
hand shadows. 

I hat's enough fooling around wilh shadows. l ime to go back to 
fooling around wilh angles. Slart again with your hands pressed 
together (yon could say \ hey have a 0° angle between them if 
I hey Ye completely touching) and inrrea.se rise angle rize unlil it 
reaches 90 q T just before. \ll of like angles you have just made are 
less than 90°. They Ye called acute angles- (No. not "rule angles."' 
no matter how good-looking they are. Acute angles.) 

Fhis time, don t stop at 91 1°, Separate the lips of vour fingers 
some more. Now tlur angles are bigger than 90 fl . 

H t ■ re Y 1 20° . . , and 1 50° and , , , can you 
stretch all the way., . until your hands, 
are directly opposite each other? We 
can U but maybe yon ran. If 
your hands now make one 
continuous line. The measure- 
ment between them is 180°* 

Angles between 90° and 180° are called obtuse angles. See if you 
can hud acute, right, and obtuse angles in these pictures* 
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P is for 
Probability 





Y hmi ve probably heard weather reports that go something like 
this: "Bad news. folks. There s a 90 percent chance of rain 
tomorrow. ’ 

\\ hat does that mean? A 1,1 !00 percent chance’' would mean that 
rain is absolutely certain tomorrow. Ninetv percent is almost 100 
percent, so rain ia not certain tomorrow, hut iL’s very likely. When 
Vou hear the bad news, yon cancel your plans for a picnic. 
Tomorrow comes, and it's a beautiful sunny daw 
Probability is (lie mathematics of predictions. Predicting is not 
the same as guessing, but predictions, like guesses, can be wrong. 
Predictions are based on information, or da!a t that is definite- 
combined with other information that is uncertain, A "90 percent 
chance of rain” means that 9 times out of 10. it rained on a da\ 
like today. Ihat s a probability of 9t) percent. That’s all weal Iter 
forecasters can (ell you. Remember — on one day out of lit davs 
like today, the sun shone, i hat’s win weather forecasters make no 
promises. But go ahead. Blame the weather on them. They're used 
to it. 

Weather forecasters aren’t the only ones who use probability. 
Cardplayenj and other gamblers know certain facts about cards or 
dice, and those lac Is help I hem decide how in bet. Thee are using 
probability. Doctors use probability when they give you medicine, 
i hey don’t, know for sure that the medicine will make von well, 
hut tl lev know how it works tor a Jol of other people so I hey can 
prnlir! hnw liheh it is to help you. Your mother uses probability 
when ?hesa\s, “ J Fat your broccoli! ' Broccoli will probabh hr Ip 
you grow up healthy, but once in a rare while, ill might make you 
sick. (Try that 011 c on votir mother!) 

If you’re a spnri* fan and \ou : ve eves' said something like 'Til 
belch a tlir Texas Tomatoes wipe out thr Michigan Mushroom* in 
the Veggie Bowl” you were using probability. If you know that the 
Tomatoes have already won 14 out of 15 games ibis year, while die 
Mushrooms have won only 1. then the Tomatoes are a good bet Lo 
win, Bu.t they could have a real U had dav. 
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The more von study probability,, the more you realize there's no 
such lli tn ^ us ~a thing/' There are only probabilities- — high, 
low, and in between. The maihriitaiies of probability helps vou 
figure out how high, how low, nr where in between. What do vou 
think the chance* are llkil vniir mother will notice you stuffing 
that broccoli in your pocket? 


Or fht SO vegt+oWei m+he rcfrVgtr^W, ; s 

btiA$ jtfved bracculf -for ifnncr? 
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P Is for 
Probability 

B ased on data wu ve collected from thousands of readers like 
vou, llie re's a very high pn diability that yon thought we were 
done with probability. But we Ye not. WeYc doing P is for 
(Wuduiilv again so you am actually collect data find calculate 
probabilities. 

1'irst. you need to know that there are several different ways to 
slate a probability. One is the way the weather forecasters do il on 
TV They give a percentage, A 50 perron! chance of rain mean* 
there are 50 chances out of 100 lhal it will rain. You can also state 
probability as a fraction. Fifh percent is the same a* or j . 
Those are two ways to give probabilities percentages and frac- 
tions, Hi ere are others, but that's enough for now. 

When you flip a coin, there arc I wo ways it can come up: heads 
or tails. These two ways arc culled outcomes . Willi coins, the two 
possible outcomes arc equally likely, so there's one chance out of 
two that you 11 flip head*, and one chance out of two that vnudl 
Hip tails. In si carl of saying "one mil of two," you cun say that the 
chance of flipping a coin and getting heads is half. (The 
chance of getting tails is also one-half, 
of course.) 

fry it. Flip a coin twice. Did you gel 
heads once and tails once? May be vou did, 
r nay be you didn't. Probability doesn't tell 
you what the outcome will be. It jn.s! tells 
you what it's likely to be, and bow likely 
that is. You flipped the coin two times* 
fl La! s not much. To test predictions, vou 
need a lot of data. Flip the coin 10 times 
ami Loco I rack of the outcomes. Did vou 
get heads half the lime and tails half the 
lime? You can chart your results on a bar 
graph like this. 

Even 10 coin flips aren'f very many. Hip 
the coin 20 times. Ait your results any 
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rlosri* U> 3 friii g even-steven? Co for 50 flips. Tn 100. How close are 
yon flow hr getting half heads and half tails? Graph the oulromrs 
and see. Do you Eli ink yuuM he closer still if vou flipped the coin 
1.000 Lime^? Hie more data you have, the more accurately vou can 
stale a probability. Is the probability of gelling heads when you 
flip a coin really one-half (or 50 perceril)? 

It's inconvenienl l.o collect data when you wan I to know a 
probability. Oih:o again, math comes to the rescue! Wp can use 
mails to figure out the chance of Hipping heads twice in a row (or 
three times, or four times,, etc.) 

Vt hen matlieinaliriauu idk about flipping coins, lliev describe 
Hips ah intlrpi'ndtriil vrmts because flipping heads I lie first time 
haR no effort on what you 11 flip the second lime. When you want 
In know the probability of two i in h jendent events occurring 
together, you mulliph the probabilities of their happening sepa* 
ratrh. Hie chance of flipping tails once is i me- half and the chance 
of flipping tails a second lime is abu one-half, lint the chance of 
flipping tails both times is 4 * 4, or 4- (If you don't know Imw to 
multiply fractions, don't worry. Instead of saying S£ oncdaalf times 
one-halh" May M me- half o f one-half." Then it's easy to see that the 
answer is one-fourth. L e y multiplying other fractions this way 
until you get a feel for it.) 

Mow thal vou know something about the mathomalic* of 
probabitil can you figure the chance of flipping tails three times 
in ll row? Il would be x \ % l - or 4 - How about four heads? Ten 
tails? You would be mighty lucky tn flip 10 tails in a row, and we 
flunk there's a good chance you can now figure out the chance 
mMs ) of doing it. 


Now try flipping two coins, say a 
penny and a nickel. What do you think 
the probability is that you'll £et two 
heads? To make this prediction, you 
need to know how many possible 
outcomes there are. Both coins can 
come up heads. Call thal HH. 

The penny can come up heads, and the 
nickel can come up 
tails: NX 




The penny 
can come up tails 
and the nickel can 
come up heads: TH. 

Both coins can come up 
tails: IT. 

There are four outcomes, and only one 
of those four 3s HH + so you might 
predict that the probability of both 
coins corning up heads is one in four, 
or one-fourth. What Es the probability 
of flipping two tails? One head and 
one tail? Test it out. Flip your two coins 
and keep track of the outcomes. 
Remember to get lots of data. Graph 
j: your results. Do your data agree with 
I your prediction: 1 
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Q is for Quantity 
-and Quality 



I n math, we often add. subtract, multiple, and do other things to 
X numbers. I j l the end* we gel another number Jor an answer, fl 
tells u^ “how irianv or “how unioli. II tells ns .3 quart tit % But if 
yon know on!) quantity^ you don I know enough. 

Someone offers you a million. L>o you take it? If it's dollars, 
sure! ”Baek up the truck right here!” vou saw Bui tt enuld he a 
million pounds ol cooked oelopus. Or a million wedges of stlnk> 
ebeese, Ora million page* of math w : orksheets. You might he 
happy 1 m have a kitten. Or a sister. Or a low kittens or sisters. Bui 
would you reallj want a million of them? 

\\ lien we talk about “what, we re talking ahool f jufihfy. \ou d 
heller know I he qualities id' something — ils features, its character- 
istics, it- identity— before you take a million. Quality also means 
how good si Uf id lung is. Would you like a million dollars? Xol if 
ilspLiv money. TIim! s no I I lie qua hi v vou find in rnimL How 
about a million pizzas? You’d better be sure they're not cold and 
soggy or topped with liver and bru^sels sprouts, 

in many math problems, quantity mav he all that you need to 
know. Bui in life, wiu d belter know both the quantity ami the 
quality, or you might end up with 500 bushels — of cockroaches! 


~Aiid Q b also loi 
{piadrilatt'ral 

L 1 1 1 j |>1 1 
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R is for 



E xcuse me? ' 

Khombicosidrtd&rtihttlmn* i Hi iM-lmcu^i-DOL-DECK-a- 
UEE-dron.) Say il L i few times. and ifll roll right off your longue. 
You can Impress your parent? and your friends, You can suv thing- 
like “Do you happen to have a rhombiri mid (decahedron I -.an 
boiToyr? 

Mow that you ran prnm.simue it , perhaps you M Itki ■ to krnm whal 
il is. A i huirihiixi-ssdodeadiedron is a special kliii l ofyWyAf^/^n., 

"ft 1 ia t kin d o 1 p o I v he dron? ' ' vi t u sa v. “And w I ia l ’? a p olv h e - 
dron, any wavy" 

A polyhedron is a ihri'r^Iimerirdinud shape with Hat -ides. Tin- 
Hat sides are a bo railed /u/yw \ cube is a vcn simple polyhedron, 
1 1 lias six sides, or faces. AJ1 of them are squares. Tetrahedrons 
have lour fares, all triangles. Or hi her! runs have eight faces tail 
triangles), dodecahedrons have 12 hires (all hexagons!, and icosa- 
hedrons lane 20 fare' hdl triangles). A rhumbii Libor l a hed rou has 
26 fares. Eighteen of them are squares ami eight are triangles, 
There are plenty of oilier polyhedrons. Jail Hie biggest one we 
know the rhomlneosidode* ahedmn. It has 2 HI faces! And 
the\ >r all triangles. 

Leonhard Rider, the mathematician who worked on Hie 
Knnigsherg bridge problem (aer K is fen- Kdnigshei gk also discov- 
ered something no one had ever noticed before about polyhedrons. 
Hr looked al I hr number of faces, the number of edges (1 lit* lines 
where Fares meet), and the numbin' of venires {I hr points where 
edges meet | . Mo matter what kind of polyhedron Euler husked al, 
the number of verliers plug I be number of sides always equalled 
ihe number of edges pin? 2- To write il in a malhemaLicul wav. lie 
used she letter e for (he number of i ■« I^. h I hr letter t: for the 
number of vertices, and llir letter s for the number of sides. Then 
he wrote L hr equation 1 1 ail i- now called Eider's formula: 


v + s = e + 2 



A 


a r t 


or a d 
/ ? t ' 


,..hik! l\ is alwu for 

radius 

rallo 

rhom bus 

right angle 

right triangle 
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Ttvke * c^be. 



Counf- +h< 5 r'<Je$ 
t&r ^ axes ^ 



£< 3 <Aivf +he verb 1 cel 
(or homers ) 




Cokn+ the ed^es 
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lhal may seem scary, bul it isn’t. Il just says I licit the number 
°1 vertices (v) plus the number of sides (j) equals the number of 
ed^es (e) plus- 2. Tty it out with a cube. In a cube there are 8 
vertices (f 1 ), 6 sides (s) and 1 2 edge^ (e]L So T jus l ping those num- 
bers into Euler’s formula: 


B + 6 - 12 + 2 


fs it true? Dues 8 + ft equal 12 + 2? They both add up to 14 so 
Euler's formula works for a cubic 

Irv Euler's formula for some other polyhedrons. Then try it 
tor a rhumbicosidfMjecahedrnn, You prybabiv won't be able to 
borrow one. so we II tell you a few I h bigs aboul it. h bus 240 sides 
and 122 vertices. You want to knew how many edges? We re not 
going So (ell you because you can figure it out for yourself hy 
using Euler's formula. 

Or make yourself a rhumbicosidodecalir dron and count the 
f id gee. 
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S is for 
Symmetry 


akif 4.0^ ? 


M; 





eel Sam. ( lari you draw 
. a line dividing her fart' 
min I wo minor images? If von 
held a little mirror on that 
I i r k\ or to! < b k d the pi t;| n re 
along t hul line. She two halves 
would match perfectly. We rail 
the line a linn rtf symmetry* 
and we say I hat Sam's face has 
symmetry. Ur that it is s\m- 
mrt.riral. Symmetrv gives 
beauty and balance to l he world around us. 

Meet Stair, a starfish . Is Stair symmetrical? Sam w r as svm 
snel [ ieal in just one way 
localise she had just one 
line of symmetry, bul von 
should be able to find more 
than one line of symmetrv 
in Shirr Mow many? How 
many lines of syrmnelrv are 
in a snow 1 lab ? \ map Se 
leaf? A microscopic sea 
urchin Ian a? 






A square h simpler Mian a 
snowflake or a sea urchin larva, 
bill lhal doesn't mean finding iLs 
lines of syinmctn is simple. Can 
you hnd four? Don't quit until 
you do. How many can you hnd 
in I lie capital letter 11? In E? In 
these flags? In the other shapes? 



square 
square rout 
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Mecl Cirque. Cirque is a plain nit! circle. We iust tell like giving 
it a fancy name, Is Cirque symmetrical? How many lines of 
symmetry does Cirque have? We don’t want \ou to spend I lie resl 
of your file counting llicm, so we ll loll you riglil imw dial Cirque 
lias infinite lilies of svmmetrv. \ tl circles do. No matter how close 
you draw I he lines of symmetry, you can always stick in more (if 
you have a thin enough pencil). Do you think anything In sides a 
circle is symmetrical Ln an infinite n timber of wavs? The answer is 
no. Only a circle ih iiifiniteh symmetrical. 

Meet sPin. sPiri is a pin wheel. You 
cannot find any lines of symmetry in 
the pin wheel. It doesn't have line 
symmetry (also called mirror M^me- 
J/yh But a pmwhee] is symmetrical. 

If you rotate it one-half of a turn, it 
looks exactly like it, did before, li 
has niialitmul svmmrfr\ (or point 
syirunefri I- 

Uere is Hub. Hub is a 
hubcap. Ii has both rota- 
lional symmetry and hue 
symmetry'. Can you see why? 

Some objects have rota- 
tional symmetry, some have 
line symmetry, some have 
neither, and some have both, 
lake a closer look at Sam. 
b she truly symmetrical? Are you? Is anything in nature perfectly 
symmetrical? 








T is for 
Tessellate 


B ets huvciTt read this hunk, but they know how to f esse Halt. 

They make cells of wnii t hat completely rover the walls of 
their hive. Each cell Is a hexagon, anil all Hie hexagons fit together 
perfectly. When, si tapes cover a surface with no gaps in between, 
we sav the shapes tessellate. 

Look at these five shapes,. They are 
regular polygons* In a regular polygon, 
all of the sides are the same length* arid 
all of the angles are also the same. 

0 illy three of these regular polygons 
tessellate, W liieh ones 7 Find some 
regular polygons {or make them From 
paper or cardboard) and spread them out 
on tin ■ I able or floor. Tn to fi| them 
toget her 'lessellate away! 

Sometimes you have to use two kinds 
of shapes to tessellate a surface. You can t tessellate with octagons 
alone, but you can tcBsellatc if you add another shape, \\ hat is it? 
Many bathroom boors an- covered with tiles like these. Which two 
sha pes tessellate on I he surface of a soccer ball? (If they didn't 
tessellate. the hull would go bat in no time!) 

Irregular shapes can also I esse I late. For centuries, Islamic artists 
have created tessclhiling patterns to cover floors, walls, ceilings, 
urfcil doors. A Dutch artist named M. C, Escher became famous for 
his strange prints of tessellaling creatures — birds* lisle other 
animals, even knights on horseback! 

R u I l la c. k t o t \ i osi s I are * , I hey 1 c s&t rllalc hex agon s t o m aki 1 1 1 1 ei i 
honeycomb. \\ hy don ] they use l ri angles or squares or a combi- 
nation o i d i ffe rent shapes? T1 ic a 1 1 swer i s very i 1 1 te re s I a ng. 

Of die three tessellating regular polygons. hexagons have l.lie 
h mat lest peri n a el i r (ihatV the distance » round the outside) 
compared lo their urea (that's she amount of space inside). This 
makes hexagons a good deal for the bees- It’s son of tike shop- 
ping. Tfou want to gel the best game or slur I or pizza for the 
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annum! of moitey you spend- Rees want to get the innst spare to 
store hi n iev for l!ir least amount of wax I hey have to "spend In 
build [heir horieyenmlx W Lll l just 1.48 enures \1'2 grams) of wax 
hi id down in hexagons, worker bees can build ;i honeycomb that 
holds more I ban 5 pounds kilograms) of honey! If they used 
any other shape, llir bees would have In use more wax to hol'd I he. 
same amount of honey. 

1 1 pa vs to be good at math even if youre a bee. 
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U is for 
Unit 

B ack when people used cubits and hands and strides to rnea- 
wii re lengths of things (sec C in fur Cubit), they eventually 
realized that it worked best when one person set the standard. 
Usually that person was the king. In Egypt about 5,000 years 
ago. the distance fmm the pharaoh's elbow to I he tip of hi* 
middle finger became the first standard uni I of length. It was 
called the roya / cubit. Nowadays, we would call it 20.6 inches, 
or 52.3 centimeters. 

Hi course, the pharaoh Was too busy Lo Lake his elbow all over 
the place just so everyone else eouhl measure papyrus. Instead T 
lines were scratched in a piece of wood or metal to show the size of 
the royal cubit. TA-DAH- The first ruler. Actually, it was called it 
measuring slick. The beauty of a measuring slick was that \\ could 
he used to make other measuring sticks* The pharaoh could sta\ 
house and eat grapes or Sake l>u hide baths, or do whatever 
p h araoh s did in I h ei r s pare t inie. 

Standard units of measure were a big improvement over every- 
one using his or her own body parts, 1ml I here was still a problem. 

1 1 was impossible to get all of I hr measuring sticks to be exactly 
the same. foda\ ‘s standard units of length are based ojl waves of 
laser light. Laser light waves do not change, whether it's summer 
nr winter Alaska or Arabia. For must people most of the time, any 
wooden or metal ruler works just line, but your ruler and your 
friend's ruler mig hi he slightly different. Probably it woiTt matter, 
hut if you need a highly accurate measureinenl because you Ye 
jusl invented a new kind of computer chip that you plan to manu- 
lactiire in your garage, she differences from one ruler tn another 
could he imporlanl. And with changes in the weather, some rulers 
might shrink or lengthen a little bit. 

There are also standard mills oi weight, volume, time, tempera- 
ture, power, energy, and everything else people wan t lo measure, 

We still use some of (he old words, like- horseptiwer, bill I he 
standard nriil itself is the same everywhere, no matter how strong 
or weak (or dead) your own horse happens to be. 
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TUESDAY 



V is for 
Venn Diagram 

W hen you got to school Iasi Monday. Ms. Malhcmaoallil look 
ihe roll Li l a peculiar waw Stic asked everyone lu sign a chart 
in 1 Ilc appropriate place. 

Some wise guy signed Hubert in a strange place. Why? 


MONDAY 



On Tuesday, Ms. Mathemacailit put out another odd chart. It 
was similar to the one on Monday* 1ml it had some differences. 

^Eliv did some people sign I Ins chart m I lie overlapping areas. 
while ill hers r!id Tint? W 1 iat is Grace wearing under her sandals? 

W hat could Elizabeth be wearing under hers? \X hat could Erica 
LL Khasha. and Dianne be wearing over their socks? And why do 
von suppose iio one signed in I he hoi Loin pari nl I he lowest circle? 

These kinds of charts are called Iran diagrams. They are easy 
to make and easy to read, and you can learn a lot from them in 
just one glance, Whal you see inside each circle is called a s rf. You 
could say- “Anuirida is in I he set of people who are wearing san- 
duls-' J 'S he intersection where two sets overlap shows the people 
who belong in both categories. Richard ie in the set of people ulm 
are wearing sandals and socks. 
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On Wednesday, Ms. M . had another \erm diagram. Tills one w as 
real!) si range. 


WEDNESDAY 



Can you I el I how many people read G is for Googol (nr snrne 
other book)? Make sure you i ml ode (he people who read hut also 
did other things. How many people watched TV? Who wrote 
poems aboul underwear and also read a book? How many under- 
wear poets a] so watched TV? 

Voij ran Hnd out who watched T\ and wrote an underwear 
poem by looking for Lhu place where the set of couch potatoes 
intersects the set nf underwear poets. Bui what about the people 
who watched T\ or wrote an underwear poem? Gan the Venn 
diagram help us hnd them? Sure, we just have to look at both sets 
together* This is called l he union of the two sets. The intersection 
of two sets is I he area where they overlap; I he union of the two sets 
is the enti re area ot one set plus I lie entire area of the other. lease. 
Brad. Ms. M. T Alex (and many others) are in the union of the two 
*ets (couch potatoes and underwear poets). Tlial means they 
watched T\ or they wrote an underwear poem or they did boLh. 
But Grace, Gretchen, Urn. Erica H., Sean, Nicole* Richard, and 
\manda did neither. Irk the Venn diagram* thee are not in the 
union of those I wo sels T 

Why do you ihirik Amanda (and Hubert) are outside all 
three circles? 


...mid V is tilsts for 
variable 
vertex 
volume 
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On Thursday,, Ms. M_ land yet another chart. This one was really 
different . 

None of these circles overlap The way they did on Tuesday or 
Wednesday, Mislead, the smaller eireles are completely inside the 
larger ones, like a target. ^ here do you think the school in located? 
Can you come up with a reason whi Reenie and Erica R are not in 
the center circle along with everyone else? And hooray for Hubert! 
He finally made il inside a circle. How come? 


o j* 

*v 




THURSDAY 
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Venn diagrams don't have In be made with circles. Any shape 
might do. And Venn diagrams don’t have to he about people. 

1 liink ahoul other foods that could go in this Venn diagram. Then 
think of collie wild and waehi A ■ -n n diagrams that vim could make 
lor your class to sign. 
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W is for 

"When are we ever gonna 
use this stuff! anyway?’ 
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I I yon vo over asked E hat question while doing vour math home- 
wurk, this is lor you. 

When are you gonna use this stuff? At school, al home, a I play, 
a m [ al w < >rk . \i\\ other q nest ion s? 

You already use mathematical concept* even - day whether \ou 
know it or not. Should von wear a raincoat to school today? You "re 
using probability. Can you kick the ball into file goal- or should 
VOU pass? You're using geometry. If voider measuring the ingredi- 
cnls fora cuke, yuuYe using fractions. When vou shop at the a I ore, 
you make the smartest decisions if vou understand both qualitv 
and quantity and the unit* used to measure what von 're buying. 

No matter what kind of job you get. char secs are vou will need 
malh. Many jobs require sonic mailt, bul by the time vou gradual u 
from college, most jobs will require lots of math. 

You probably won't need lo use an abacus., but mathematicians 
and computer scicnl isLs sometimes get ideas for e:ri line |v new ways 
of doing tilings by looking at old Look like abacuses. Binary 
number* are the basis for modem computers, so people who design 
new computers use I he binary system. \\ hen die misls create new 
substances, they must understand the shapes of molecu les, the 
ki [ids of symmetry they have, and how ihev Ilf together. Sometimes 
thev want the molecules to Lessellute and sometimes tiuw do nut 

J j 

Chemists and all other scicn I ists ii^e eijmiifeiite when llicv write big 
numbers and often when they write small numbers, loo. 

Look a! any man-made structure and von 'I! probably find 
equilateral triangle s and obtuse angles (along with other kinds, of 
course). Ceomclrv, I be study of angles and shapes, is crucial to 
arvlii Lecture, engineering, survi ving, and navigation — not Lo 
men! ion art. photography, inlorior decoration, and billiards! Since 
bihnnacci numbers appear m some of the most surprising places, 
you may do a belter job if you understand them, whether vou Ye a 
landscaper, a painter, a musician, or a biologist. 
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Anyone who work- vh Li 3 j money mu^l understand hundreds, hut 
businesspeople, bankers, economists. and other money managers 
use a lot more mat h than that. They make graphs and read o| hep - 
people s graphs every day. If they don't knew their \-axis from their 
y-a\is, I heir graphs are going in Inokawfulh hinny. Doctors. too, 
must make and read graphs. f hey use probability in deciding on 
treatments and calculating dosages of medicine and oilier things. 
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Statements starting with “iP are important in an area of math 
railed logic. Logic helps In solve problems and make sen^e out of 
Confusing ideas. Lawyers use logical thinking to win cases in 
court Dio math of topology- including tine ideas behind Ylnhiiis 
strips and l hi Konigsbcrg bridge problem — helps many kinds of 
workers, including those who lay electric cable, analyze DMA, or 
design circuits for computer chips. 

Carpenters, surveyors, welders, painters, roofers, idecl rieisiris- 
plumbf rs, auto mechanics, and many other kinds of workers use 
in.U h on a daily basis. Their work involves measuring, calculating* 
and predicting in mathematical ways. If they don't do the math 
right, they will have some might) unhappy customers. Imagine H 
house built without math, XL mid like % vs i J I — meet in llir right 
plan e? Would the roof keep you dry if no our knew how to mea- 
sure the angles? Would there be enough paint to cover the walls? 
Would the cirri rim I current In- adequate to run a telev isimi and a 
toaster a I the same time? 

I licse examples all conic from todav jobs. We dnul know 
about tomorrow s jobs. Some of them haven't even been invented 
yet! Hut ur know one tiling about tin* best jobs nf the future: 
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X is for x 
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X is for Jt? 

We can guess whal you're saying. You’re saving, “They’re 
j l e 1 1..s. Or "They're honkers, Or "They "re cuckoo/* 

Well, that’s the point, We don’t know exactly what von ’re saving 
about us, so [f we wanted to write vour statement as a sentence, 
we'd have to write this; 


£ 



They're 


Mathematicians like in write I heir sentences like this; 
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They - 

Tl’.s called an equation . You can Hll in the blank id this equation 
with Tints ' or “bonkers ' or whatever von like. 

One other thing. In math, we don' I usually put blank lines in 
equal. tons. Instead we use symbols. For example: 

They - x 

Tin _r might be “nuts.' It could also be “cuckoo.” It could even be 
“wonderful or “absolulelv brilliant. ISio one kin >ws fur sure 
(except you), so x in called an unknown* Ti jiIho railed a variable t 
because il changes, or varies. Tin- x might be ""nuts" in ibis 
equation and “awesome'" in another equation, like this one: 

My best friend = x 

The math of unknowns is called algebra* (Be careful! In alge- 
bra. x does no! mean “multiply/’) X is nul the unlv variable. You 
could just as well use y or ~ or n or am thing else. The equations 
might be; 


They = z or They = k or even 


They - @ 


Rul x seems to he \Ur favorite variable. Here’s why: 


Reason = x 


2.+ X 
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In other words, the reason is unknown. 

In algebra, equations don't usually have words like “they** or 
“reason." Here's a more typical equation: 

3 + 4 = X 

In this equation* x can be only one tiling* and you can easily figure 
out what it is. As soon as you figure it out* it won't he unknown. 
It’s 7 t of course. Here’s another easy one. 


12-*= 10 


y. 1 * 2 * 
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Tn this equation, x is 2, The nest equation is tougher because * 
shows up twice fand both :is have to be the same number because 
they’re in the same equation). 
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2b~x=5+x 


Can you figure out what x equals? In other words* can you solve 
ihv equal ion? Try a few different numbers, We’ll get you started. 
Try making x equal to 1. Stick a 1 into the equation wherever you 
see an x r Does that work? It says 


24 ^ 1 = 5 + 1 


\-t * , ^ *■ ? 

\ O t ) 0 r ^ 
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Is that true? Does 24 — 1 equal 5 + 1? INo. The two sides of the 
equation are not equal when x is I. So make x another number, 
and another. Keep Irving until yon solve I he equation. 

Congratulations! YouVe begun doing algebra. Some day, when 
you’ve learned more algebra, you’ll be able to solve equations in 
other quicker ways. 
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Y is for 
y-axis 


Y ou v>» probably seen bar graphs like ibis one showing the 
favorite foods of evervone in Mr. Omnivore ~s class. 


Y- A*i<* 

h 


Fervor i"f« FapJs Xto 
PW*\ Omnivore'S C 



cAiSiftr. 


r3E5B3 



Typ*± o'f 


X-A¥i* 1 2, 3 H * ± -r 

Pe^s i+ ToL^ei +6 RtaA 


Y -hYi<* 

tool 


The T&’r+atsc's Caxt 


r"N 

V* 


V 

* 


i_ 

if 


o 

X. 


few 


4p& 


r 


IKS 


Z.« 


I CO 



i-oa pm 


i-io^B. 

The Tl irvie 


I f you waul to know how many kids like each kind of food, trace 
your finger from the top td any bar to the vertical line on the left 
and read the number where your finger hits the 
hue, I hat line is called the v-npci.% nr vertical 
/ oaris. Tin ti ' is also a line at I he bottom of the 

graph called the x-axix+ (hr horizontal axis. 

Here's another kind of graph, called n line 
graph . J his one shows how far a tortoise lias 
travelled in a one-hour race. \ line graph also 
has a y-axis and an \-y\is The y-axis show? the 
distance in mclcrs, and the x-axis shows the 
time. The race starts at 1:00 P.M. To sec how far 
the tortoise has gone hy 1:10. find 1:1.0 on die 
\-a\is. Go straight up In I he dot on the line. 

I hen move to tin- left until you reach I he v-axis. 

i' Pm I -SO pm -jUotf 
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Yon ("in ’.rf l hal the turtle has gone 100 mi ‘Iris. Bv I ;20. the 
tortoise has cmrred 200 meters. Ami so on. \i the end of ihr one- 
hour rare, the tortoise has gone 600 meters. 

Herr's another graph. It's similar, but it shows I lie hare's race 
instead of the tortoise Y f lie hare speeds right along, covering 500 
meters in just 20 minute?. But then whaL happens? 
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be l.wo graphs ran !n ■ combined in to mu' In using two linefi on 
i me graph (but be sun - E i j label l he lines ho t lie reader know* whirli 
is which). In one simple graph. you ? vr told Hie whole fable of l he 
tortoise am] flu- hare. 

SS hut would Ae^op say? 
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\ o question about zillion is “a Jot." BilI it doesn't mean 
J- 1 any particular amount, so it's not a number* A number is a 
certain amount, Three is a number and ihxee hundred is a number. 
One million is a number and two billion i* a number. So are a 
trillioiu a quadrillion, a quintdlion. asextiilion, asepiillioru an 
octillion, a nonillimi and a deciilion. And a googol and a googoSj.de x 
If you had enough rime (and nothing better to do}, you euuld count 
to any of these numbers. Bui you euuld never couni to a zillion 
because you wouldn't know when you got I lie re. ft s not a number. 
There are other words like zillion. They're fun to sav L and they 

‘aim": 


mean 


gazillion 


bazllllon 


cock-a-doodle-dillion 


Kmg-Kongillion 


tyranno sill ion 


\uu can make tip vnur own words... 


Awesomillion! 


...and Z Is also for 
zero 
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Glossary 

ACUTE An angEe smaller than a right angle (Less than 90*). [See 0 is 
For ObtubFj 

ALGEBRA A branch of mathematics that uses unknown quantities 
(variables) that are usually represented by letters. (See X Es For x] 
ANGLE The shape farmed where two lines meet. \ See 0 Is far a blow I 
ARC Part of I he circumference oF a circle or part a F a curve. 
ARCHITECTURE The art and science of designing buildings, 

AREA The size of a surface,, measured in square units, such as square 
centimeters. Square inches, square meters, acres, ek. 

ASYMMETRY Lacking symmetry. If an object has no symmetry, it Is 
said to be “asymmetrical / [See 5 is for Symmetry] 

AVERAGE The middle, or "typical" value when there are several 
numbers. Averages are a simple way ta get a general view oF a group. 
There are three kinds of averages: mean, median, and mode. 

AXIS 1) A line around which an object spins, 2) A line at the side or 
bottom of a graph. 

BAR GRAPH A way of showing numerical information as a series of 
bars of different lengths. [See P is for Probability and Y Is for y-axis] 
RASE In every number system, each place value can be filled by a 
certain number of digits. That number k the "base' 1 of the system. 

Our number system is Base *0 (the decimal system) because each 
place value can be g„ 1, z, 3* 4, 5, 6* 7, 8 or 9: ten possibilities in all. 
JFor Base 2, see B is For Binary] 

BASE NUMBER When numbs ra are expressed with exponents, the 
number written at the bottom (to show that it is being multiplied by 
ItseLF a certain number of times) is called the base number. [See E is 
for Exponent! 

BISECT To divide an angle in half, 

CATENARY CURVE if you hang a chain from two points, il makes a 
curve called a catenary curve. If you hang weights from it at equal 
intervals* it changes slightly lo become a parabola, or parabolic curve. 
The main cables (called catenary cables) of a suspension bridge like 
the Golden Gate Bridge make this curve until vertical suspend ets are 
added, at which time the cables make a parabolic curve. 

CHAOS To most people, chaos means a state of confusion. To 
scientists and mathematicians it means a system (a set of causes and 
effects) that acts in ways that are very hard to predict because very 
slight changes result In Serge effects. Weather is considered a chaotic 
system. 

CHART A visual presentation of Information, often in rows and 
columns, making It easy lo compare items (like prices or populations) 
or see equivalences (like conversions from miles !o kilometere). 
ClRCLE All the points that are the same distance from a fixed point. 
The fixed point is the center of the circle, and the distance is called 
the radius. Since an infinite number of points are the same distance 
From a fixed point, they "tuo together" and make a curve. This curve is 
dosed and it has an infinite number of lines of symmetry. [See Curve 
and 5 is for Symmetry] 

CIRCUMFERENCE The distance around a circle. The word err tvmfer- 
ence can also mean the outside edge of the circle itself* as contrasted 
with its total area. 

COORDINATE One of a pair oF numbers that lolls you where a point 
on a graph is located, relative lo Its horizontal axis and vertical axis 
(usually catted x-axis and yra*i$, respectively). For example* the point 
specified as (3,5) is 3 point that is three units along the x-a?ds and 5 
units along the y-axis. [Bee Y is for yraxlsf 
CURE 1) A three-dimensional shape with $ix faces* all of them 
squares. 2) When a number (let's say z, but it could be any numbei) Is 


multiplied by itself three times (3 X 2 X z). the result (ft) is celled its 
cube. It can also be written with an exponent as 2*. 

CUBE ROOT The number that has bean multiplied by itself three 
times to get another number. Since 8 is the cube of z, we say that 3 is 
the cube root of g- 

CURVE The route of a point that has moved Jn a continuous bend. IF it 
ends up where it started, the curve k called a "dosed curve* r If It 
ends up somewhere else, if Is an "open curve." 

CYLINDER Take Iwo identical circles and connect them with a curved 
Surface to make a solid shape Ilka a soup can, Yoila! You've got a 
cylinder. (Cylinders, can also be made by connecting two ellipses in 
the same way.) 

DATA Collected information Is catted da! a - Often the information is 
numerical. The singular of “data’* is "datum." So you can never have 
one data. IF you've lust got one, it 3 s a datum! 

DECIMAL POINT A point placed in a number. All the digits to the right 
of the decimal point have a value less than one. 

DECIMAL SYSTEM The number system we use, also known as Base 
10 (see base) or the denary system. In the decimal counting system, 
each place value can be fitted with any ana of tan numbers, and each 
place has a value 10 limes greater than the one to its right (the ones 
plate, l he lens place, the hundreds place, etc.). 

DEGREE 1} A measurement oF temperature. 2) A unit of measurement 
for angles. 

DENOMINATOR Bee Fraction. 

DENSITY a way of comparing weight lo volume. Which weighs more* 
a pound of bricks or a pound of cotton? They both weigh the same: 
one pound! But which weighs more* i bushel of bricks or a bushel of 
cotton? The bricks weigh a lot more. We say bricks have a higher 
density than cotton because their weight pet volume is higher. 
DIAMETER The distance across a circle* through the center, from 00a 
point on ihe circumference lo another Or the line segment that 
passes through the center oF a circle From one side of the circumfer- 
ence to another. 

DODECAHEDRON A polyhedron of iz faces* which are all regular 
pentagons, 

ELLIPSE If you "stretch out" a circle, you'll get an ellipse. Ellipses 
have only two Lines of symmetry, 

EQUATION A mathematical statement of two things being equal 
(separated by an ° sign). 

EQUIVALENT FRACTIONS Fractions that have the same value even 
though they are expressed with different numerators and denomina- 
tors. For example* 7 and t are equivalent fractions. 

ESTIMATE An educated guess that gives a rough idea of an answer or 
a measurement. 

FACE The flat side of a polyhedron. The line where two faces meet 
each other is called an edge. The point where three or more faces 
meet is catted a vertex. 

FACTORS A whole number that can divide into another number 
exactly. For example* the factors of 10 are 1, 2 P 5^ and io. There are 
mure factors of 12: They are i ¥ i, % 4, 6 r and iz. 

FORMULA A mathematical rule that answers a particular question. 

For example* the formula fot the area of a rectangle is the length 
multiplied by the width. [For another example* see Euler's formula in 
R is for f! horn blcosidodece bed non,] 

FRACTION A part of a whole, shown as two numbers separated by a 
line. The bottom number, or denominator, lolls how many parts the 
whole has been divided Into. The top number, or numerator, shows 
how many of these parts are included in the fraction. In the Fraction | F 
for example* the whole is divided into B parrs (the denominator), but 
only 3 of them are included In Ibis fraction (ihe numerator). 
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GEOMETRY The study of space-, including points, lines, angles, and 

shapes. 

GIGA- As a pre^x. ^giga- 71 means one billion (1,000,000,000), One 
gigabyte Es 1,000,000,000 byles. 

GULDEN SECTION (also celled GOLDEN RATIO or MEAN) Imagine a 
line divided Into two sections so that the ratio of the whole tine lo the 
larger section is the same as the ratio of the larger section to the 
smaller section. The ratio turns out to be about 1.6 iB. This radio is 
found in nature, art, and architecture. It is found in the proportions oF 
the Parthenon and the Great Pyramid at Giza, and in paintings by 
Leonardo da Vinci and Michelangelo- The ratio of consecutive 
Fibonacci numbers approaches the Golden Section as the Fibonacci 
numbers get bigger. f 5 ee f is For Fibonacci and N is for Nature] 

GRAM A measurement of mass in the metric system, or Sysf^me 
Internationale (Sl>. One thousand grams is a kilogram. There are 454 
grams in a pound. 

GRAPH A visual display of numerical data, usually showing the data 
in relation to horizontal and vertical axes (x- and y-axes, respectively). 
[See Y fs for y-axls] 

HELIX A three-dimensional spiral that winds around a line [or “axis"). 
HORSEPOWER A unit For measuring power, usually applied Ip 
engines. One horsepower equals 550 foot-pounds per second. It^ 
based on the power of one horse. 

FFYPOTENEUSI In a right triangle, (he hypoteneuse Is the side 
opposite the right angle. II Is I he longest side of me triangV 
INF 1 NITE Greater than any number or size or quantity. Endless of 
immeasurably large, "Infinity" is the stele of being in Unite In space, 
time t or number. Contrary ro popular belief, “InFlnity" Is nul the 
“■largest number in the wedd" because it is not a number. 
INFINITESSIMAL Smeller than any number or quantity, except For 
zero, immeasurably smalt. 

INTEGER A whole number like o s 1, z, 3, 793, 1+000,000* or similar 
negative numbers, Fractions like ^ or £ or ^ ere nut integers. 
INTERSECTION 1) The place where two lines (or surfaces) cross each 
other, 7) A set that contains I he items shared by several other sets, 
hut no items that are contained in only one (or none) of those sots. 
[See V is for Venn Diagram | 

IRRATIONAL NUMBER A number that cannot be expressed either as an 
inieger or a fraction. Soma exam pies are V2, tt, and the golden section. 
ISOSCELES TRIANGLE A triangle with two equal sides. 

JORDAN CURVE A curve that doesn't cross itself anywhere and stays 
In one plane (is two-dimensional). Also called a simple closed curve. 
KLEIN BUTTLE A boltle with only one surface — an outside but no 
inside! Think of it as a three-dimensional; version oFa Mdbius strip, 
and in fact, if you could cut a Klein bottle in haLF it would become two 
Mobius strips. Unlike the Mdbius strip, a Klein bottEe cannot exist 
except in the imagination oF topologies! 

LATITUDE Distance north or south of the Equator, measured in 
degrees. (The Equator Is defined as o D and the North and South Poles 
as po* North and 90^ South.) A degree of latitude is about 69 miles. 
Lalitude and longitude are used in navigation and global positioning. 
LINE GRAPH a kind of graph where data is shown as a line or curve. 
The data may originally be plotted as individual points (or dots),, but 
the points are later connected by a line, and sometimes 1 hey are 
replaced by the line. 

LOCUS A sot oF points that alt have a certain quality. The locus of 
poiots that are all 3 centimeters Trom another point on a piece of 
paper would be a circle. The circle would have a 3-centimeter radius 
and a 6-centimeter diameter. 

LOGIC The branch of math that has to do with reasoning and proof. 
LONGITUDE Distance east or wesl on the surface of the Earth, 


measured in degrees, imaginary lines of longitude, called ^mendf- 
305," run from the North to the South poles. In diagrams, they make 
the Earth look like it's divided into wedges, like the sections of an 
orange. 

MANKALA {Also MANCALA) A group of games involving mathematical 
thinking that come from Africa and parts of Asia. Oware (or ware) Is a 
mankala game played in West Africa with a Swo-row board and beans 
as counters. [See W is for When...] 

MASS The quantity of mailer that an object contains. No matter how 
strong the gravilational force exerted on an object, its mass remains 
the same, but its weight changes, if you go to Jupiter, your mass wilt 
Stay the same, but your weight will greatly increase. (Don’t go if 
you're trying lo lase weight!) People often say "weight 71 when they 
mean mass. Pounds and grams are actually measurements oF mass. 
MEAN One of the three kinds of averages. To get the mean, add all 
the quantities you have and divide that sum by the numbet of 
quantities you added. The mean of 1+ 3, and 8 h 4. 

MEDIAN Anothe r one of the three ki nds of averages . The mad ian is 
the number In the middle. IF you have a set of numbers, look for the 
one that is smaller than and larger than an equal number of other 
values, That'S the median. The median of 3, 6, j t 9, and 11 is 7-. 

METRIC SYSTEM The system of measurements used in almost every 
country of the world , except C he United States. 1 1 is based on meters 
as the basic unit of length and grams as the bask unit of mass, along 
with Pi her units for other types of measurements, such 33 liters for 
volume. In the metric system, most units are multiples of each other 
by Factors of 10, 100, or 1,000, Metric units are also known as SI units, 
MODE The last oF the three kinds of averages. It's the number that 
occurs ihe most frequently in a set of numbers. The mode of i r z, 5. 5, 
5, % io, 11, n r 14, and 15 is 5. The median Is 9, and the mean is a. 
NEGATIVE NUMBER a number less Shan zero, such as -1, -2. -3, and 
so forth. It is easy to understand in terms of money. If you have 
exactly $10,. you could say you have +10 dollars, Bui instead, 1 F you 
owe someone $10, you could say you have -10 dollars. Then if 
someone gave you $io, you would have So. 

NIM An ancient mathematical game where 20 counters are laid out 
(you can use coins) and the two players take turns picking up one, 
two, or three counters at a time. The player who picks up the last 
counter loses. You can invent your own va nations and fry to figure out 
a strategy to win. 

NUMERATOR Bee fraction. 

OCTAVE In music, one note is an octave higher than another If its 
sound has twice as many vibrations per second as the lower one. On 
the musical scale, these two notes are eight notes apart. 

OWARE See Mankala. 

PALINDROME A number (or word or sentence) that is the same 
frontwards or backwards. The numbers 297 and 3*008.003 are 
palindromes. The years 1991 and spoz are palindromes. 

PARABOLA A kind of U-sheped curve where parallal Sloes reflect to 
one point, called the focus. Parabolas are useful in many ways. 

Satellite dishes have a parabolic shape, and so do car headlights. (In 
headlights, the Ughl Leaves She focus, reflects off the inside of the 
parabola, and leaves the Samp in parallel beams.) 

PARALLEL Lines that stay the same distance apaTt For their entire 
length. If you could extend them infinitely, they would never meet. 
PARALLELOGRAM A four-sided shape with opposite sides that are 
parallel and of equal length. Opposite angles are also equal. 

PERCENT A way of showing amounts as a part of a hundred. Fifty 
percent (90%) means so parts out of 10*, which is also one-haLF. 

Ninety- nine percent means 99 parts of a hundred. Four parts oul of 
five is So percent because £ is equivalent to ^ L 


PI The ratio of the circumference of a circle sn its diameter, commonly 
shown by the Greek letter n. In other words, if yoti measured the 
distance around a circle exactly and divided It by fee distance across 
the circle, you would get n as your answer. In the decimal system, ft is 
^bo-ut 3.142. bul not exactly. It cannot be expressed exactly as a 
decimal numbs r because it is an irrational number. 

PJE CHART A way to show data where a circle Is divided into wedges 
(resembling slices of pie) to show different quantities. 

POINT A single Location with no dimensions — rnfimtessamally small. 
POLYGON A closed* flat shape with straight sides. The smallest 
possible number of sides i$ 3, There is no largest possible number, 
but as the number of sides gets larger and larger, she shape looks 
more and more like a circle. If you could have a polygon with an 
infinite number of sides, il would be a circle. But you can'tl 
POLYHEDRON A solid 5hape. Its surface is made of four or more 
feces. | See R Is for Rhombieosidodecahedron] 

PRIME NUMBER A number that can be divided evenly hyi and Itself, 
and nothing else. Some prime numbers are i r ^ 5, 7, n H 13, 17... (1 is 
nol considered a prime number.} No even numbers are primes 
because they are all divisible by 3, 

PROPORTION See ratio. 

PYTHAGOREAN THEOREM Pythagoras, an ancient Greek philosopher 
and mathematician, discovered something very important about right 
triangles. If you square (multiply fay itself) each of the two sides that 
are next Co the right angle, and add them together, the sum will equal 
the square of the hypoteneuse. If the sides are catted ‘V and H b" and 
the hypoieneuse is catted X" the Pythagorean theorem can he 
written 05 an equation a* + b 1 = c^. It is one of the most famoos 
equations in all of mafeematics. 

QUADRILATERAL A tour- sided polygon, 

QU 1 PU In the Inca empire of South America (about 1400-1540 c.e.), 
the government kepi track of the numbers of people, products, taxes, 
etc,, on sets of strings called qulpus (kEE-poos). Each qyipu had 
several si rings of different colors, and knots on the strings indicated 
different quantities. 

RADIUS The distance from the center of a circle to the circumference. 
Also can refer to a line segment that goes from the center to the 
circumference. 

RATIO A way of comparing numbers. If the number 1 is being 
compared to the number 5, the ratio of those two numbers can be 
shown as 11 $ or We say that any other two numbers in which the 
second number is 5 limes bigger than the first (tike 2 and io) have the 
same ratio, or proportion, as 1 and 5. So, the ratio 2-10 Is equivalent 
to the ratio 1:5 (just as the fraction is equivalent lofh 
RHOMBUS A parallelogram that has alt four sides of equal length, 

[See D is for Diamond] 

RIGHT ANGLE An angle feat measures exactly 90*. Four of them 
together would be 360°, which is a complete circle, so a fight angle is 
often thought of as one-quarter of a circle. [See 0 is For Obi use] 

RIGHT TRIANGLE A triangle with one right angle. 

ROTATIONAL SYMMETRY [See S is for Symmelry] 

SCALENE A triangle wish no two sides of fee same tength. 

SEQUENCE A list of numbers that fellows a pattern. Try to find the 
patterns in these four sequence | i h z, 3, 4, 5...]^, 4, 6, 8. 10...JK2, 

4 p H. i£* 32-Jh 4 - 9 r ih, 35*36^} 

SET A collection of numbers or objects that have eerie in properties 
that distinguish them from numbers or objects that don't have those 
properties, [See V is for Venn Diagram | 

SI UNIT See metric System. 


SPHERE A round, solid shape. Batts are spheres. Mathematically, 
a sphere Is defined as the three-dimensional shape whose surface 
is the locus of points thal are the same distance from a single 
point. 

SPIRAL An open-ended curve, ft can be two-dimensional or three- 
dimensional and it can wind around a point or a tine (axis). (See H is 
for Nature] 

SQUARE 1) A rectangle with all foui side* of equal Length, 3) When a 
number is multiplied by itself, the result is called a square, or square 
number. The square of 12 is 144 because 12 X 12 ■ 144. 

SQUARE ROOT A number that has been multiplied by ItseEf to 
produce a square. The square root of 4 is 2, and the square root of 
244 is 1 2. 

TABLE In math, a table is a way of atianging information (usually 
numbers) in rows end columns so different items cart be compared, 
and associations can be seen. 

TANG RAM A Chinese puzzle made of a square cut into seven 
pieces. 

TOPOLOGY The study of what happens to objects when they are 
stretched, shrunk, cut* turned inside-out, or distorted in other ways, 
Topologists want to know what changes (and how an object 
changes), and what slays the same. {$ee Klein bottle and M fs for 
Mbbius Strip] 

TRIANGLE A three-sided polygon. The sum of ell the internal angles 
of a triangle is always 180*. 

TRI 5 KAIDEKAPHDBIA Fear of the number 13. {No joke! Would tea? of 
the number 100 be ‘"centrphobla 7 ’?) 

UNION A set that contains all the items that belong to either m both 
of (wo sets. If Set A contains {1* 3, 5 , 7 , 9} and Set B contains {1, 4, 9* 
t6, 25} the union of Sets A and 0 is (i, 3, 4, 5, 7, 9r 16, Z5}. The union 
of more than two sets contains alt the items thal belong to any of 
those sets. (See Venn is for Venn Diagram] 

VARIABLE To solve problems, mathematicians often u&e letters to 
represent fee numbers that they wish to Find. The letters are called 
“unknowns" or 'Variables ," X is the most common variable, but other 
letters {or symbols) ^Iso work. Sometimes two or more variables are 
used 00 one equation, such as a J + b 3 = V (the Pythagorean theorem). 
[See X Is for*) 

VERTEX On a Flat shape, the point where two or more lines, meet is 
the vertex. On a. solid shape, the pent whete three or more faces meet 
is also called a vertex. (The plural of vertex Is “vertices,”) EuLerV 
formula (v + s = e + 2) Eats you know how many vertices are in a 
polyhedron if you know how many side? and edges It has. [See R Is For 
RhombicosidodecafoedronJ 

VOLUME A measurement of the space conteined by a solid shape, 
WARE See .V.ankala. 

WEIGHT The force pulling an object down toward the Earth (or other 
body.) See also mass. 

K-AXIS The horizontel axis in a graph. [See Y is for y-axls] 
X-CQGRDINATE The numfceF that gives the location of a point along 
the x axla of a graph . 

Y-COORDINATE The number that gives the location of a point along 
the y-axis of a graph, j See Y is for y-axis] 

ZERO The number that means nothing actually means a great deal, 

For centuries, scholars argued over whether it was a number. 

Leonardo of Pisa, or Fibonacci, solved the problem by spying it is a 
number with meaning, and ll can be used as a “place holder" or a 
position cm a scale. 
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